Abstract We discuss the coupling between collective intersubband excitations and LO phonons in doped GaAs -(A1Ga)As multiple-quantum-well heterostructures. The analysis is applied to the interpretation of inelastic light scattering spectra and yields the Coulomb matrix elements for the intersubband transitions.
There is a sustained interest in physical systems of reduced dimensionality. Considerable effort is being devoted to two dimensional (2D) electron gases in semiconductors, where the electrons are confined in narrow (%loo&) space charge regions at surfaces and interfaces. In polar semiconductors, the collective excitations of the confined electrons couple strongly to longitudinal optic (LO) lattice 1 vibrations .
The multilayer 2D electron gases in modulation-doped 2 GaAs -(ACGa)As multiple-quantum-well (MQW) heterostructures are an extremely interesting system, where electron-LO phonon interactions have been studied by resonant inelastic light scattering3". We consider here, very briefly, the coupled modes system of collective intersubband excitations, associated with transitions of confined electrons between 2D subhand states, and LO phonons in the P4QW heterostructures.
Electron-LO phonon coupling occurs in these systems because the polar lattice screens the depolarization electric fields, describGd by effective plasma frequencies5' 6 , of the collective intersubband excitations. Ip the case of isolated quantum-wells, the coupled modes In the isolated quantum-well approximation, which is valid 0 in the case of wide (%50A or larger) (ALGa)As barriers, the Coulomb matrix element is given by7'* where the < ( z ) are the eigenfunctions of the states of a single quantum-well. The mirror symmetry of the quantum-wells reduces the nonzero elements of L(i+j,k+L) to those in which the transitions i + j and k -+ 1 have the same parity. This implies that there is no coupling among intersubband excitations of opposite parity.
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Fig. 1 Figure 1 shows schematically the energies of coupled modes as a function of areal charge density in the case in which there are three possible intersubband transitions, associated with three subbands in each quantum-well. n* is the charge density at which the first excited subband begins to populate with electrons. For n < n* there are only two possible transitions; EO1 of odd parity and EO1 of even parity. For n x n* we have in addition the E12 odd parity transition. In obtaining the curves of Figure 1 we have represented s L ( E ) with the lattice dielectric function of bulk GaAs.
This approach has Seen applied towards the interpretation of liqht sr-attariily spectra of si l y i e paxkicle (spin-flip) and collective intersubband excitations in modulation-doped GaAs -(ALGa) As MQW heteros tructures
The procedure has led to a determination of Coulomb matrix elernents for the intersubband transitions, that are the only adjustable parameters in the coupled modes equations (1) and ( 2 ) . Coulomb matrix elements have Seen calculated using finite quantun-well envelope functions that include the effects of band-bending witlin the GaAs layers1'.
The rssults of this calculation, which has no adjustable parameters, is in excellent agreement with the Coulomb rnatrix elements determined from experiment.
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